ABSTRACT. Eplingiella fruticosa (Salzm. ex Benth.) Harley & J.F.B. Pastore, ex Hyptis fruticosa Salzm. ex Benth. is an aromatic and medicinal plant of the family Lamiaceae, found mainly in regions with intense anthropic activity. Information on the genetic diversity of this species is scarce. However, it can be assessed using molecular markers that identify the level of diversity among phenotypically identical individuals. The present study aimed to characterize the genetic diversity of a native population of E. fruticosa from the State of Sergipe using ISSR molecular markers. Samples of 100 plants were collected in 11 municipalities of the State of Sergipe and analyzed using eight ISSR primers, resulting in 72 informative bands. The cluster analysis obtained using the neighbor joining method resulted in three groups: Group I consisted of 50 plants, mainly from the municipalities of Areia Branca, Estância, Japaratuba, Moita Bonita, Pirambu, and Salgado; Group II was .250), and the greatest distance occurred between plants EPF50 and EPF96 (0.9778). The Shannon index had a mean value of 0.42, and diversity was considered moderate. Heterozygosity had a mean value of 0.267 and was considered low. Polymorphic information content (0.253) was considered moderately informative. Genetic diversity of E. fruticosa plants was intermediate, and the results of the present study can assist in the conservation and use of the genetic resources of this species.
formed by 21 plants, with nine representatives from the municipality of Itaporanga d'Ajuda and 13 representatives from other municipalities; Group III was composed by 29 plants, being represented mainly by the municipalities of Malhada dos Bois and São Cristóvão. The smallest genetic distance occurred between plants EPF94 and EPF96 (0.250), and the greatest distance occurred between plants EPF50 and EPF96 (0.9778). The Shannon index had a mean value of 0.42, and diversity was considered moderate. Heterozygosity had a mean value of 0.267 and was considered low. Polymorphic information content (0.253) was considered moderately informative. Genetic diversity of E. fruticosa plants was intermediate, and the results of the present study can assist in the conservation and use of the genetic resources of this species.
INTRODUCTION
Eplingiella fruticosa (Salzm. ex Benth.) Harley & J.F.B. Pastore, ex Hyptis fruticosa Salzm. ex Benth. is an aromatic plant of the family Lamiaceae, endemic to Brazil, known as "alecrim-de-vaqueiro". Besides being popularly used as an anti-inflammatory plant using the infusion of its leaves, the antitumor properties of E. fruticosa were identified by alcoholic extracts of the leaves (de Lima et al., 2013) . Furthermore, the essential oil of this species has antinociceptive properties and induces arterial hypotensive effect (Menezes et al., 2007; Santos et al., 2007) .
E. fruticosa is found mainly on the northeast coast of Brazil, in regions of intense agricultural activity expansion, native vegetation deforestation, and habitat fragmentation. Thus, the narrowing of the genetic variability may occur, which can lead to the extinction of the species and consequently to the loss of a potential source of useful molecules/compounds (Dobeš et al., 2017) .
The biological properties of medicinal and aromatic plants are often related to the chemical composition of the essential oil, which may vary, even within the species. The study on the chemical diversity of essential oils is a strategy to characterize aromatic plants phenotypically. However, geo-climatic factors affect the chemical constitution of the essential oil, which hinders the study on how much of this variation is related to genetics Santos et al., 2016) .
To know the genetic variability, studies that directly assess the genetic content of the species should be carried out. This is because the genetic content is little influenced by the environment and can provide useful information for the management of the species and the development of strategies for the conservation of genetic resources (Celestino et al., 2015; Baruah et al., 2017) . Since it is an aromatic species with medicinal potential and found in areas of intense anthropic activity, it is necessary to obtain information on the genetic diversity of natural populations of E. fruticosa, which may guide subsequent stages of conservation and use of this species (Alves et al., 2016; Brito et al., 2016) .
Studies on genetic variability often use DNA molecular markers. Among the main molecular markers, ISSR (inter-simple sequence repeat) have arbitrary character, high reproducibility, and can characterize the genetic diversity of the species without prior knowledge of genome (Erbano et al., 2015; El-Amin and Hamza, 2016) . ISSR markers have been used to identify the genetic variability among wild individuals of Satureja rechingeri (Hadian et al., 2015) , to molecularly characterize and to detect genetic variations between accessions of Thymus sp (Yousefi et al., 2015) , and to discriminate species of the genus Ocimum (Kumar et al., 2016) , all of them belonging to the family Lamiaceae, assisting in the characterization of the existing genetic variability and conservation of the species studied.
Despite the studies on the chemical characterization of the essential oil of E. fruticosa in specific locations (Menezes et al., 2007; Silva et al., 2008; Franco et al., 2011a,b) , no reports on the genetic variability by molecular markers for this species are available in the literature. Thus, the objective of the present study was to characterize the genetic diversity of a native population of E. fruticosa of the State of Sergipe using ISSR molecular markers.
MATERIAL AND METHODS

Plant material
Young leaves of 100 E. fruticosa plants were collected in 11 municipalities in the State of Sergipe, Brazil (Figure 1 ). Table 1 shows the identification and location of the 100 plants studied. After collection, leaves were stored at -80°C for subsequent DNA extraction. 
DNA extraction and polymerase chain reaction (PCR)-ISSR amplification
Samples of 300 mg young leaves were used for DNA extraction, according to procedures described by Doyle and Doyle (1990) , with modifications. After preheating at 65°C, 1 mL 2% CTAB extraction buffer (5 M NaCl, 1 M Tris-HCl, pH 8.0, 0.5 M EDTA) and 2% PVP were added to the powdered material. Samples were incubated at 65°C for 60 min, inverting the tubes every 20 min. Subsequently, 800 μL chloroform/isoamyl alcohol (24:1) was added, followed by 500 μL ice-cold isopropanol, and incubated overnight at -20°C. The precipitate was subjected to two rinses with 70% ethanol. After drying, DNA was resuspended in 100 μL TE buffer (100 mM Tris-HCl, pH 7.4, 1 mM EDTA). Samples were subjected to purification by adding 50 μL of 7.5 M ammonium acetate and 200 μL absolute ethanol. The precipitate was washed with 70% ethanol and resuspended in 100 μL TE buffer.
DNA quantification was performed using a NanoDrop 2000c spectrophotometer (Thermo Fisher Scientific, Wilmington, DE, USA), and samples were diluted to 10 ng/μL. The ISSR primers used in this study were obtained from Eurofins MWG Operon (Operon Technologies, Louisville, KY, USA) and Invitrogen (Thermo Fisher Scientific, Carlsbad, CA, USA). Eight ISSR primers (Table 2) were tested by PCR. Reactions were performed in a final volume of 20 μL containing 1X Taq buffer (10 mM Tris-HCl, pH 8.8, 50 mM KCl, 1% Triton-X-100 and 1.6 mM MgCl 2 ), 2.5 mM dNTP, 25 pmol primer, 10 ng genomic DNA, and 1 U Taq DNA polymerase (Neotaq). PCR amplifications were performed using a ProFlex PCR thermocycler (Thermo Fisher Scientific, Applied Biosystems, Foster City, CA, USA), where samples were initially denatured at 95°C for 5 min, followed by 35 amplification cycles. In each cycle, denaturation was performed at 94°C for 50 s, annealing at specific temperature for each primer used (Table  2) for 50 s, and extension at 72°C for 1 min, followed by a final extension at 72°C for 10 min, and cooling at 4°C. Amplification products were subjected to 2% agarose gel electrophoresis, stained with ethidium bromide, visualized under ultraviolet light, and documented in Gel Doc L-pix HE (Loccus Biotecnologia).
Data analysis
Only clearly visible bands were used in the analysis and interpretation of the gels. Amplified DNA fragments were analyzed for the presence (1) or absence (0) of equal sized bands, and a binary matrix was constructed. Based on this matrix, the coefficient of the Jaccard similarity between each pair of individuals was calculated (Jaccard, 1908) . The genetic distance was used to construct a dendrogram by the neighbor-joining method, using the MEGA7 software. The Shannon index (I), the genetic diversity of Nei/heterozygosity (H E ), and the polymorphic information content (PIC) were calculated using the GENALEX 6.5 software (Peakall and Smouse, 2012) .
RESULTS
High polymorphism level was detected using the ISSR markers among the 100 plants of E. fruticosa in the State of Sergipe, Brazil. The locations of the bands can be visualized in the image generated by the photo documentation of the agarose gel (Figure 2 ). Eight primers were selected, and they were all polymorphic, since they showed good amplification pattern, with 72 amplified bands, ranging from 8 (UBC809, UBC817, and UBC835) to 11 (UBC815), and a mean of nine bands per primer (Table 2) .
By using the cluster analysis method, three groups were formed from the genetic distances between plants (Figure 3) . Group I consisted of 50 plants, mainly from the municipalities of Areia Branca, Estância, Japaratuba, Moita Bonita, Pirambu, and Salgado; Group II was formed by 21 plants, with nine representatives from the municipality of Itaporanga d'Ajuda, and 13 representatives from other municipalities; Group III was formed by 29 plants, mainly representatives from the municipalities of Malhada dos Bois and São Cristóvão. Plants collected in the municipalities of Muribeca and Santo Amaro das Brotas were equally distributed between the groups. The genetic distances between the 100 plants of E. fruticosa are present in Table  3 . The smallest genetic distance (0.250) was observed between plants EPF94 and EPF96, both from São Cristóvão, representing the genetically closest individuals among all the evaluated pairs. Individuals EPF50 (Moita Bonita) and EPF96 (São Cristóvão) presented the greatest genetic distance (0.9778) among the evaluated plants. Among all combinations of individuals, 9.23% had genetic distances between 0.250 and 0.500. Conversely, 49.92% of the combinations presented genetic distances between 0.500 and 0.750, and 40.85% of the combinations had a genetic distance greater than 0.750, representing the most genetically distant plants. 
DISCUSSION
Genetic diversity between the different E. fruticosa plants collected in the State of Sergipe and analyzed using ISSR markers can be considered as intermediate. The 100 plants analyzed in this study were distributed into three distinct groups according to genetic distance. The high similarity observed between the plants from distinct regions is probably due to crosses between plants of different areas. It is believed that animals and anthropic activities helped the dispersion of seeds from one region to another, which allowed transferring genetic information between regions, considering that all the collections were carried out in sites with red, yellow podzol soils that presented texture of rough surface horizon, all located near the highways.
To date, no specific studies on the reproductive strategies of E. fruticosa have been reported. Each plant has several inflorescences, and it is suggested that the pollination of the flowers occurs by insects. Due to the agglomeration of plants in the same location, pollinating insects usually visit inflorescences of the same plant and nearby plants. The low genetic diversity identified in this study may be associated with the cross between related individuals (Jennings et al., 2016) .
Despite the absence of studies on the genetic diversity of E. fruticosa, moderate difference between the chemical compounds was observed in a survey of some studies that analyzed the chemical composition of the essential oil of this species, collected specifically in the region of São Cristóvão-SE (Menezes et al., 2007 , Silva et al., 2008 , Franco et al., 2011a . Likewise, the results of the present study indicate that the plants collected in this region had reduced genetic variability and were predominantly grouped in cluster III. From this, it can be suggested that the chemical composition of the essential oils of E. fruticosa is strongly influenced by genetic factors. The relation between chemical groups and genetic variability may assist, with better efficiency, the establishment of strategies for conservation of the species and use in future breeding programs. According to the dendrogram (Figure 3 ), a tendency of grouping was observed concerning the geographic origin, except for the plants collected in Muribeca and Santo Amaro das Brotas, which are distributed in the three groups. Subgroup 1 of group I consisted of all the plants collected in Moita Bonita and Salgado, besides 80% of the plants collected in Pirambu. Group III consisted of 78% of the plants collected in São Cristóvão and 100% of the plants collected in Malhada dos Bois.
The Shannon index observed in the present study (I = 0.42) and the genetic diversity of Nei (H E = 0.267), which measures the genetic variability and estimates the variation among individuals, were higher than the genetic diversity reported in Calanthe tsoongiana (H E = 0.183, I = 0.271) (Qian et al., 2013) , Stipa bungeana (H E = 0.079, I = 0.327) (Yu et al., 2014) , and Blysmus sinocompressus (H E = 0.158, I = 0.143) (Hu et al., 2016) , being these plants strictly endemic. This indicates that E. fruticosa has not reached critical levels of genetic diversity loss yet.
Mean PIC was of 0.253. PIC indicates how much the markers can detect polymorphic information in studies of genetic diversity. According to Botstein et al. (1980) , the markers used in this study can be classified as moderately informative. Similar results were obtained for the genetic diversity of Hancornia speciosa (Costa et al., 2015) and Varronia curassavica using ISSR markers, possibly due to the alleles shared among the individuals evaluated.
Despite the lack of information on the genetic diversity of species of the genus Eplingiella, the present results are in agreement with those found in some studies carried out in natural populations of Lamiaceae species in the world. When evaluating the genetic diversity of natural populations of Salvia miltiorrhiza in different regions of China, Song et al. (2010) found 100% polymorphism using five ISSR primers and 110 bands. Similarly, the use of 20 ISSR markers was efficient in the discrimination of Ocimum, species with 99.58% polymorphism (Kumar et al., 2016) . Other studies have identified intermediate diversity in the populations studied, such as genetic diversity in Leonurus cardiac populations, with 86.84% of polymorphic bands (Khadivi-Khub and Soorni, 2014) , and in Satureja rechingeri populations sampled in Iran, with 79% of polymorphic bands (Hadian et al., 2015) , both using ISSR markers.
The genetic diversity of E. fruticosa plants of the State of Sergipe was considered as intermediate. Nevertheless, considering the environmental degradation of the areas of natural occurrence of the species, strategies for plant conservation must be adopted. This is the first study on the genetic diversity of E. fruticosa, and the results observed here help understand the distribution of genetic diversity of the species and provide important information for the development of collection strategies. When implementing a germplasm conservation program, plants of the three groups should be prioritized to conserve the maximum variability. Moreover, to enrich the genetic diversity of the collection, the markers used in the present study may be applied during the selection process and introduction of new accessions from other Brazilian regions.
